
NOVEMBER, 1904. MONTHLY WEATHER REVIEW. 511 

the density of the earth. The gravitation pull on it is 42,000 
times the radiation pressure. 

Let  
us halve the diameter of the sun. He  would then have one- 
eighth the mass and one-quarter the surface. Or, while his 
pull was reduced to one-eighth, his radiation push would only 
be reduced to one-quarter. The pull would now be only 
21,000 times the push. Halve the diameter again, ancl the 
pull would be only 10,500 times the push. Reduce the diame- 
ter to 1/42,000 of its original value, that is, to about PO miles, 
and the pull would equal the push. 

In  other words, a sun as hot as ours and 20 miles in cliame- 
ter would repel bodies less than 1 cni. in clianieter, ancl coulcl 
only hold in those which were larger. 

But it is, of course, absurd to think of such a small sun as 
this having so high a temperatme as GOOO". Let  us then re- 
duce the temperature to l jPO,  sity 300" absolute, or  the tem- 
perature of the earth. Then the radiation woulil he redncetl 
to the fourth power of 1/20, or 1/16(l,(JO(), and the diameter 
would have to  be reduced to 1/16o,UOO of 20 miles, or about 
20 cm., say, S inches, when again radiation would balance 
gravitation. 

It is not rery difficult to show that  if we hac1 two equal 
spheres each of the density ancl temperature of the earth they 

pressure woulcl balance the graritation pull-when their di- 
ameters were about 6.8 cm., when in fact these were about the 
size of cricket balls. 

It must be remerubered that this is only true for spheres 
out in space receiving no apprecialde radiation from the sur- 
rounding region. 

It would appear that we have arrived a t  a result of some 
importance in considering the aggregation of small meteorites. 
Imagine a thinly scattered stream of small meteorites a t  the 
distance of the earth from the sun. Then, even if they be as 
large as cricket balls, they may hare no teudency to move to- 
gether. I f  they are smaller they may even tend to  move apart  
and scatter. 

I n  conclusion, let  me mention one more effect of this radia- 
tion pressure. You will remember that  racliation presses 
back against any surface from which it issues. If, then, a 
sphere a t  rest in space is radiating equally on all sides i t  is 
pressed equally on all sides, ani1 the net result is a balance be- 
tween the pressures. But suppose that it, is moving. It is fol- 
lowing up the energy which i t  pours forth in front, crowding 
i t  into a smaller space than if it were a t  rest, making i t  more 
dense. Hence, the pressure is slightly greater, ancl it can be 
shown that it is greater the greater the velocityancl tlie higher 
the temperature. On the other hand, i t  is drawing away from 
the energy which i t  paws out behind, thinning i t  out, as i t  
were, and the pressure a t  the back is slightly less than if the 
sphere were a t  rest. 

The net result is a force opposing the motion, a force like 
viscous friction, always tending to  reduce the speed. 

Thus calculation shows that there is a retarding force on 
the earth as it moves along its orbit amounting in all to about 
20 kgm., say, 50 lbs. Not very serious, for in billions of pears 
it will only reduce the velocity by one in a million, and i t  will 
only have serious effects if the life of the earth is prolonged 
a t  its present temperature to hunclrecls of billions of years. 

Reduce the diameter of 
the moving body, and the retarding effect increases in propor- 
tion to the reduction. If the earth were reduced to the size 
of a marble, the effect monlrl be apprecinble in a hundred 
thousand years. If it were reduced to a speck of dust a 
thousandth of a centimeter in diameter, tlie effect would be 
appreciable in a hundred years. 

Imagine a dust particle 
shot out from the earth and left behind to circulate on its 

Now, let  us see the effect of size on the radiating body. 

would neither attract  nor repel each other-their radi a t' Ion 

But  here again size is everything. 

Note what the eEect would be. 

own account round the sun. It mould be heated by the sun 
and would be radiating out on all sides. As it journeyed for- 
ward there would be a resisting force tending to stop it. But 
instead of acting in  this way the resistance woiild enable the 
sun to pull the particle inward, and the fall inward would 
actually increase the velocity. This increase in velocity would 
increase the resistance, and a t  the same time the approach to 
the sun would raise its temperature, increase the radiation, 
ancl so increase the resistance still further. The particle 
would therefore move in a more and more r a i d  spiral orbit, 
and ultimately i t  would fall into the sun. Small marble- 
sized iiieteorites would fall in from the distance of the earth 
probably in a few milliou gears. Small particles of dust 
wo~ild be swept in in a few thousand years. 

Thus, the sun is ever a t  work keeping the space round him 
free from dust. I f  the particles are very minute he drives 
them forth into outer space. If they are larger he draws 
them in. I t  is just possible that we have eviclence of this 
h i w i n g  in in the zocliacal light, that  vast dust-like ring which 
stretches from the stin outward far beyond the orbit of the 
earth, and is at  once the largest ancl the inost mysterious 
inember of the solar system. 

A SIMPLE, EFFECTIVE, AND INEXPENSIVE LIGHTNING 
RECORDER. 

By H E Z R Y  F. ALI  I ~ T I I K F .  1 Iher ier  Iuted Noieiulw 22, 19(14 

I n  the latter part of August, 1902, the writer, a t  his own 
espense, constructed and erected in the local oflice of the 
United States Weather Bureau in New Orlems, La., a light- 
ning recorder which has ~ J ~ O T  ed fairly satisfactory. Our ob- 
ject mas to olitain automatic records of the hunclreds of elec- 
tric cliscliarges, visible and iiii isilde, that  usually precede and 
accompany thunderstornis, and to study the same with a view 
to increasing the accuracy and v-alne of local weather forecasts. 

The action of the instrument is basetl upon the effect that 
high-tension electric waves in free air, such as lightning, have 
upon metal filings huitably arranged in a glass or other insu- 
lating tube between two metal electrodes, oiie of which is con- 
nected to a collector above the grountl and the other to the 
earth. I n  their norinn1 state the filings rest loosely a t  the 
bottom of tlie tribe between two electrodes about l j l t ;  inch 
apart, and their electrical resistance is coiuparatively high. 
Nom, when lightning occurs in the vicinity of the filings some 
of the electric naves trareliug through the air pass through 
the filings from one electrode to the other; this causes the 
filing5 to stick together and their electrical resistance is 
greatly reduced, thereby rendering i t  possible for the current 
from a local battery to operate a relay in circuit with the 
filings, which in turn operates a (leiice that beparates the 
filings ancl restores them to their original condition. and at  
the same time records the passage of the electric waves. 

Two years' experience with the lightning recorder described 
below has demonstrated that lightning records can be used to 
some advaiitage in making local forecasts. If, for instance, 
the recorder ticks frecluently on a clear slimmer morning when 
there are no visible signs of an impending thuiiderstorni (each 
tick represents au electric discharge somewhere near the sta- 
tion, may be only a mile clistant and may be 50 miles away) 
we conclucle that the condition of the atmosphere is unsta- 
ble. and that some time during the day there will be a thun- 
der5tor111. On July 3, 190:3, for exnniple, the first signal oc- 
curred a t  5:21 a. m., and tlie first audible thuncler a t  12:M 1). m., 
or  sereu hours and nineteen minutes later. The last thunder 
occurred a t  3:OO p. ni., and the last signal a t  3:53 1). m. About 
IS0 signals were recorded by the iahtruineiit before the first 
audible thumler. I n  its present crude condition our recorder 
can not tell u s  from what direction the storin is approaching 
the station, nor with what speed and intensity, bu t  by im- 
proving it such information may some day be obtainecl. 



612 MONTHLY WEATHER REVIEW. NOVEXBER, 1904 

Among those most interested in forecasts of thunderstorms 
are the owners of extensive electric light and power plants, 
wherein thousands of dollars' worth of electric machinery are 
a t  the mercy of a stroke of lightning. While a lightning re- 
corder can do nothing, directly, to prevent the coming of the 
destructive bolt, yet if  a superintendent knew some hours in 
advance that  a storm was coming he could prepare himself, 
and would have certain advantages over one taken unawares. 
This information the United States Weather Bureau may some 
day be able to  give. 

FIG. 1.-Lightning recorder. 1, decoherer; 2, coherer; 3, cut-out; 4, 
relay; 5, recorder. 

For the benefit of those who desire to take up this interest- 
ing work the writer gives below a description, with approxi- 
mate cost, of a simple, practical, and inexpensive lightning 
recorder, which can be made and installed by any one having 
an ordinary knowledge of electricity, and which will give 
warning of approaching thunderstorms anywhere from a few 
minutes to several hours in advance of the first peal of audible 
thunder. The instrument a t  New Orleans consists of- 

- TEE COLLECTOR. 
+d 

The collector is a hollow cylinder fourteen feet 'long and 
- eleven inches in diameter, made of two sheets of commercial 

zinc nailed to three disks of wood, one a t  each end and the 
third in the middle. The edges of the zincs are soldered. 
There is an eye hook a t  the top of the guy lines and a f-inch 
bolt, about two inches long, a t  the bottom, which fits into 
an ordinary telegraph glass insulator, fixed to  a six by six 
wooden board one inch thick nailed to the floor of the plat- 
form, upon which the collector stands in an upright position. 
The top of the collector is about 110 feet above the ground. 
Cost, about $3.00 

T E E  COEERER. 
The coherer consists of B piece of thick glass tube, one- 

quarter inch inside diameter, two inches long, into which are 
closely fitted two silver electrodes each one-quarter inch in 
diameter and three-eighths of an inch long, with a piece of ' 

copper wire soldered to  each. The electrodes are about one- 
sixteenth of an inch apart. In the space between them are 
placed a few filings filed from a 10-cent piece of money with a 
coarse file. A dime piece will give enough filings for a dozen 
receivers. The spaces back of the electrodes are filled with 
plaster of Paris, to keep the moisture out. This coherer can 
be refilled a t  a cost of about two cents. 

. 
Cost, about $1.00. 

THE DECOHERER. 
The decoherer is an ordinary 34-inch doorbell, to the ham- 

mer of which is soldered a stout piece of wire, two inches 
long, a t  right angles with the axis of the hammer, and to 
which the coherer is attached by a piece of insulating tape. 
When the bell rings, the filings are shaken and separated. 
Cost, about $1.50. 

TEE RELAY. 
The relay is of the ordinary kind used in telegraphy and 

has a resistance of about 150 ohms. Cost, about $5.00. 
TEE FUSE. 

This is a piece of 2-ampere fuse, about three inches long, such 
as is used in electric light circuits. Cost, about five cents. 

THE GROUND. 
A sewer, gas, or water pipe, of metal, under the ground, or a 

small piece of metal buried in the earth will answer for a ground. 

A small cut-out, with ebony handle, such as is used in 
electric light wiring, and two double connectors of the kind 
used in telegraphy are used. 

TEE CUT-OUT AND DOUBLE CONNECTORS. 

Cost, about fifty cents. 
TEE BATTERIES. 

Two batteries are used, one of two dry cells for the coherer 
and one of four dry cells for the decoherer and recorder cir- 
cuits. Cost, about $1.80. 

THE WIRES. 
A piece of No. 10 weather-proof, electric-light wire, to  lead 

from the collector to the coherer, and a supply of ofice bell 
wire for office connections. Cost, about $1.00 for ordinary 
installations. 

TEE RECORDER. 
The recorder consists of a strong clockworks; a hollow 

wooden cylinder, three and a quarter inches in diameter and 
three and a quarter inches long, mounted on an endless screw 
fixed to an upright iron support a t  one end; and a small door- 
bell magnet, on whose armature is soldered a self-inking pen 
made of a hollow brasR cone about one-quarter of an inch in 
diameter a t  the base and one inch long. The cylinder carries 
a sheet of paper divided into hour and 5-minute spaces and 
makes a complete revolution once every hour. A fresh sheet 
is placed upon the cylinder every twenty-four hours. Every 
time the recorder ticks, the pen, which is suspended over the 
cylinder about one-sixteenth of an inch therefrom, strikes the 
paper and imprints thereon a dot. Cost, about $16.00. 

ARRANGEMENT OF CIRCUITS. 
The collector is on the roof of the building; the rest of the 

apparatus is in the ofice room. 
Collector circuit.-Run a wire from the lower end of the col- 

lector to the fuse box; thence to  double connector No. 1; 
thence to coherer; thence to double connector No. 2; thence 
to the ground. 

Relay circuit.-Run a wire from double connector No. 1 to 
the cut-out; thence to  relay post No. 1, also a wire from relay 
post No. 2 to battery No. 1; thence to double connector No. 2. 

Decoherer and recorder circuit.-These instruments are in 
series. Run a wire from relay post No. 3 to the decoherer; 
thence to the recorder; thence to battery No. 2; thence to 
relay post No. 4. 
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The wire leading from the collector should be nailed to the 
lower end of the collector and soldered thereto. The wires 
leading to  the coherer-about one foot on each side-should 
be flexible, so that  they will not interfere with the movements 
of the decoherer. The decoherer should be tilted to  one side- 
the side away from the hammer. As there is a small current 
passing through the coherer constantly, sooner or  later it will 
'' tltick "-that is, refuse to work. Therefore it should be given 
a rest as often as possible by cutting i t  out or putting in one 
of the extras. Sometimes the decoherer bell will ring once 
and sometimes it will ring several times, according to the in- 
tensity of the lightning discharges. Closed-circuit batteries 
will last longer than open-circuit ones. 

Dr. Lee DeForest, of the Ainerican DeForest Wireless 
Telegraph Company, cluring a recent visit to New Orleans, 
suggested to the writer the advisability of thoroughly insula- 
ting the coherer wires from the malls of the building. 

GrwrzndL 

ble connector; B, battery; C, cohrrar. 
Summarizing the results obtained so far it niay be said that : 
1. A practical lightning recorder can be made a t  small cost 

that  will give results fully warranting the cost of construction. 
9. Where written signal5 are not required, the bell on the 

decoherer can be utilized for giving audible signals; ant1 the 
cost of the apparatus greatly reduced. 

3. The recorder will not tick merely because tlie sky is 
cloucly and threatening; in cloncly weather it will give sigiids 
only when barometric and other atmospheric coiiditioiis faror 
t8he formation of thunderstorms. I n  storms coining from a 
great distance signals were recorded with a clear sky. 
4. I n  most cases, frequent signals in the early forenoon in- 

68-3 

dicate that a thunderstorm will occur later in the day. In some 
of the thunderstorms of which we have obtained records, the 
first peal of t,hunder heard a t  station mas preceded by an hun- 
dred or more signals. 

5. The collector described above is not an element of danger 
to the station. I t  will not attract lightning any more than an 
ordinary smokestack similarly exposed. 

6. The cost of operating the liglitniiig recorder need not 
exceed tliat of operating two large-sized doorbells. 

7. Generally speaking, the higher the collector stands above 
the ground the larger will be its range of action. 

I n  working out the inechanical details of blie recorder the 
writer received valuable assistance from RIP. F. W. As, of the 
Ken, Orleans ofice force. 

THE INTRODUCTION OF METEOROLOGY INTO THE 
COURSES OF INSTRUCTION IN MATHEMATICS AND 
PHYSICS. 

Norrlul>ei . 26, 1904, nt ('liicagu, Iw?b-,re the C'*ut.rnl 
inntics Teachers.] 

Association uf Hcieuce and Mathe- 

The study of meteorology has acquired a new and vivid in- 
terest since the establishment of fairly successful weather fore- 
casts in this country aud Enrope. The civilized world nom 
knows that the weather and the climate, the winds and storms 
are controlled by rigorous laws of nature. We may not under- 
stand these laws as yet, but they are in control of the universe 
and we are to discover them ani1 utilize them for the benefit 
of mankiiicl. We have not yet found any limit to the attain- 
iuents of the liimian intellect, ancl what the mind can do in the 
way of tliiiiking the hand will find some means to attain in 
the may o f  doing. We must think out, our work before we can 
do it. 

The ultimate object of a11 j-our systems of education, ele- 
mentary, collegiate, and postgraduate, is to train the mind to 
tliiiik and then train tlie liaiid to do. In  old tiiiies the schools 
craiiimeil the lnain with thtl results of work already done, 
meiiiorizing a multitude of facts; but  now, while not neglect- 
ing the nieinory. we seek to develop the reasoning faculties, 
or the reasoning habit of thought, and then to perfect our 
methods of doing. Our schools 1~:t.v much attention to mathe- 
mttics, ineclimics, chemistry. and science in general, because 
tliese have an important practical hearing on our lives. I n  
this uew progress, the professional side of education, meteor- 
ologv has not been neglected altogether. I have been greatly 
pleased to see the enthusiastic reception accorded it in every 
Imrt of tlie Union ant1 its growing popularity in both graded 
and high schools. I suppose that Ne owe this specifically to 
the general success of the Weather Bureau, but more partic- 
ularly to Prof. TViii. M. Davil.;, whu established a school of 
meteorology about 1S78 as a division of the school of geology 
a t  Hnrrartl University. His students and text-hooks, his " Ele- 
iiientnry RIeteorology," the '. Climatology " of his successor, 
Prof. R. DeC. Ward, and their methods of teaching have 
awakened teachers and professors alike to new possibilities. 
Other schools and other test-books hare conie into existence 
anJ  the elements of the subject are now so well proyided for 
that I c l o  not neetl to say inore about this; but I 110 feel the 
need of further advances. 

I regnrtl meteorology not SO much :LS a matter of observa- 
tion and generalization as a matter of deductive reason. Our 
studies h a w  approached the limit of what we are likely to 
discover by inductive processes. We stand where astronomy 
stood in the clays of La Place. We have had our Cfdileo and 
Newton, but  we still need other leaders, and you will all agree 
nitli me that these niust be trained in tlie schools. They must 
get tlieir first lessous from J-YCJU. Twenty or t8hiry years hence 
our future masters in meteorology will tell how their feet 
were tnrnecl in the right ilirection by the teachers of to-day. 

I n  every school I find several boys and girls that have taken 


